ABSTRACT. The feasibility of fecal steroid analysis for pregnancy diagnosis and sex determination were tested in sika deer (Cervus nippon). Feces were collected from captive sika deer in June (non-breeding season and late-pregnancy period) and October (breeding season), and also from the rectum of 24 female sika deer (19 pregnant and 5 non-pregnant females) shot as part of programs for population control in February and March (mid-pregnancy period). In mid-and late-pregnancy periods, fecal progesterone concentrations were significantly higher in pregnant female than in male and non-pregnant female deer. In October, fecal testosterone concentrations were higher in adult male deer, and no difference was found between young males and females. These results suggest that fecal steroid analysis would be a useful means for estimating pregnancy status and for detecting adult male among wild deer.
, Kiyoshi YAMAUCHI 2) , Takamasa OHKI 3) , Mika MURAKAMI 4) , Yuzuru TAKAHARA 4) , Yukari TAKEUCHI 2) and Yuji MORI 2) Sika deer (Cervus nippon), which inhabit almost all regions of Japan, have caused serious damage to planted forests and crops in recent years. In order to lay a feasible plan for appropriate management and conservation of this species, information about their reproductive status, such as pregnancy rate and sex ratio, must be gathered. Conventional methods for estimation of pregnancy status or sex ratio in wild sika deer are the census or anatomical analyses of individuals being shot for population control program or sports hunting. However, Japanese topography and vegetation make difficult the observation of deer and anatomical sample collection is limited to a specific period of year. If the application of fecal steroid hormone analysis to wild sika deer research becomes feasible, we can evaluate sex ratio and monitor pregnancy status throughout the gestation period.
In domestic species, the estimation of reproductive status has been commonly performed by analyses of gonadal steroid hormones in the peripheral blood. In nontractable species such as Cervidae, however, blood sampling is impractical because it requires capture, immobilization, and/or restraint. Further, the chemical immobilizations and restraint associated with blood sampling are known to affect the hormone levels in blood [9, 14] , and thus could compromise the reliability of the endocrine information.
Fecal steroid hormone measurement has been used in several captive and wild species to monitor their reproductive conditions non-invasively [1-5, 7-8, 11-13] . In our previous study, methods for fecal progesterone and testosterone analyses were developed and applied in sika deer and cyclical fluctuations during the estrous cycle and a pregnancy-related increase in fecal progesterone in the doe, as well as an annual fecal testosterone profile in the buck, were revealed [16] . We showed that fecal steroid analysis could be useful for pregnancy diagnosis in female sika deer and that feces should be collected in the field condition in winter (e.g. February of March) to avoid denaturation of steroid hormones due to environmental conditions such as temperature and humidity [17] .
In this study, we examined the feasibility of fecal steroid analysis for pregnancy diagnosis and sex determination in sika deer by using samples collected in June and October from captive animals and from female sika deer captured in winter (February or March).
Fecal samples were collected from 10 sika deer (3 males and 7 females) on June 7 and October 12, 1993, and from 13 sika deer (5 males and 8 females) on June 20 and October 17, 1994, at Toyama Municipal Family Park Zoo, Toyamacity, Toyama prefecture. The animals were allowed free access to fresh or dried hay and supplemented with pelleted ration over the course of a year. Pregnancy was confirmed by checking the delivery of offspring. Five out of 7 and 3 out of 8 female deer were pregnant in 1993 and 1994, respectively. Immediately after defecation, fecal samples were picked up with tweezers from the ground surface and stored in vinyl bags, which were kept on crushed-ice during transportation to our laboratory. Samples were stored at -20°C until analysis. Fecal samples were also collected from the rectum of 24 female sika deer shot as part of a control kill program in February and March in the Tajima region of Hyogo Prefecture. The rectums were removed from the carcasses and kept on crushed-ice during transportation to our laboratory, where they were stored at -20°C until analysis. The uteri were also recovered to check the pregnancy status, which revealed that 19 out of 24 female deer were pregnant.
The methods for extraction of steroid hormone from feces have been described elsewhere [16] . Briefly, feces were dried at 100°C for 1.5 hr in an oven and thoroughly crushed. A portion (0.25 g) of powdered feces was put in an extraction tube with a teflon-sealed cap. Then 1.5 ml of distilled water and 5 ml of diethyl-ether were added, and steroids were extracted for 10 min with a vortex mixer. The ether layer was recovered in another tube by decantation after snap-freezing, and evaporated at 42°C in a water bath. The residue was re-dissolved in 2 ml of ethanol by vortex mixing for 10 min. This ethanol solution was diluted 20-to 40-fold for the progesterone assay or 800-to 1000-fold for the testosterone assay with phosphate buffered saline containing 1% bovine serum albumin (PBS-BSA), and a 100 µl aliquot was assayed in triplicate.
The radioimmunoassay (RIA) procedures for fecal progesterone and testosterone were the same as those described in our previous report [16] . The anti-progesterone (#337) and anti-testosterone (#250) antisera were provided by Dr. G. I-testosterone (Amersham, IM128). Intra-assay coefficients of variation for progesterone and testosterone were 5.2% (n=3) and 6.5% (n=3), respectively. Inter-assay coefficients of variation for progesterone and testosterone were 5.6% (n=3) and 10.1% (n=3), and the minimum detectable levels for progesterone and testosterone were 1.95 pg/tube and 1.25 pg/tube, respectively.
One way ANOVA was performed by the StatView (4.51.1) for Macintosh. When there was a significant difference, the post hoc analysis for comparison of each group was applied by using Fisher's PLSD (Protected Least Significant Difference).
Sika deer are known to be a seasonal breeder, and the rutting and fawning mostly occur in October and June, respectively [6] . Their gestation period is estimated to be about 226-233 days by observed behavior [6] . Therefore, June and October, when fecal samplings were performed in this study, were presumed to correspond to the late-pregnancy (non-breeding season) and the breeding season, respectively. Figure 1 shows fecal progesterone concentrations in male, pregnant female and non-pregnant female sika deer (June), and in male and female sika deer (October) in 1993 and 1994. There was no significant difference in fecal progesterone concentrations between the sexes in October ( Fig. 1; bottom) . On the other hand, fecal progesterone levels of pregnant deer in June varied individually, but were overall significantly higher than those of male or non-pregnant sika deer ( Fig. 1; top) . Further, fecal progesterone concentrations could be clustered into 2 groups, namely high and low, in both years, and the boundary zone was around 25 ng/g-80 ng/g ( Fig. 1; top) . In our previous study [16] , fecal progesterone concentrations in June were maintained under 40 ng/g in all non-pregnant sika deer. These findings, taken together, suggest that fecal progesterone analysis would be a useful means for pregnancy diagnosis at latepregnancy in sika deer. Figure 2 shows fecal testosterone concentrations in male, pregnant female and non-pregnant female sika deer (June), and male and female sika deer (October) in 1993 and 1994, respectively. No significant difference was detected in fecal testosterone concentrations among male, pregnant female and non-pregnant female sika deer in June ( Fig. 2; top) . The fecal testosterone concentration of one male deer was higher than that of other male deer in October ( Fig. 2; bottom) . This male was older than the other males, and was the most dominant male in that colony. Judging from the appearances of other young male deer (<2 years), which were small in size and had only 1-pointed or no antlers, they might have not reached sexual maturity. This may account for the relatively low fecal testosterone concentrations even in the breeding season. Although a significant difference (p=0.035) was observed between the sexes in 1994, the sex determination based on fecal testosterone analysis appeared not applicable due to the overlap of testosterone concentrations between male and female deer. In our previous study [16] , fecal testosterone concentrations of sexually matured male deer (>8 years) started to increase just preceding the onset of the breeding season and showed a clear peak that returned to the low level by the mid-breeding season. Similar results were obtained with male yeso sika deer (Cervus nippon yesonsis) by Osada et al., Department of theriogenology, at Hokkaido University (personal communications). Therefore, fecal testosterone analysis seems useful only for identifying sexually mature male deer in a given their population. Recently, a sex determination method using DNA extracted from the feces has been developed for sika deer [15] . By applying fecal testosterone analysis in combination with this fecal DNA analysis, it would become possible to discriminate mature males from immature male or from anestrous female deer. February and March, when fecal samples were collected from the rectum of captured female sika deer, correspond to the period of mid-pregnancy in this species. Figure 3 shows fecal progesterone and testosterone concentrations in pregnant and non-pregnant sika deer in February and March.
There was no significant difference in fecal testosterone concentrations between pregnant and non-pregnant females ( Fig. 3; bottom) . There was a significant difference (p<0.01) in fecal progesterone concentrations between pregnant and non-pregnant female deer ( Fig. 3; top) . However, mean fecal progesterone level at mid-pregnancy was considerably lower than that of late-pregnancy ( Fig. 1; top) . Fecal progesterone profiles of pregnant Shiba goat showed a gradual increase from mid-pregnancy to late-pregnancy [2] . Similar patterns of fecal progestagen levels of pregnant moose have also been reported [8] . Although the complete fecal progesterone profile in pregnant sika deer from mid-to late-pregnancy is currently unknown, fecal progesterone profile in sika deer, as in Shiba goat [2] or moose [8] , would probably show a gradual increase as pregnancy progresses. The boundary of pregnant and non-pregnant deer was about 25 ng/g, but the difference of progesterone concentrations was not as obvious as observed in late-pregnancy ( Fig. 1;  top) , suggesting that pregnancy diagnosis would be more difficult in mid-pregnancy than in late-pregnancy. To fur- ther examine the feasibility for pregnancy diagnosis, more samplings at different stages of pregnancy would be needed. From the findings in our previous study [17] , it has been suggested that the feces should be collected in winter, when the environmental temperature and humidity are both low, for purposes of steroid analysis in field conditions. Because the gradual increase of hormone level caused by the decomposition of conjugated steroid would be suppressed. If feces were collected in the fields in June in order to perform pregnancy diagnosis, the environmental condition for fecal sampling would be worse because the feces might have been exposed to higher temperature and humidity. In order to apply fecal steroid analysis to pregnancy diagnosis of wild sika deer, further research is needed to verify the relationship between the fecal sampling condition in field and the accuracy of pregnancy diagnosis, preferably by conducting simultaneous fecal sampling and ecological research in a particular region such as Kinkazan Island, Miyagi prefecture, where the sika deer population is accurately monitored [10] .
